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Pesticides used improperly can be injurious to human beings, animals, 
and plants. Follow the directions and heed all precautions on labels. Store 
pesticides in original containers under lock and key—out of the reach of children 
and animals—and away from food and feed. 

Apply pesticides so that they do not endanger humans, livestock, crops, 
beneficial insects, fish, and wildlife. Do not apply pesticides where there is 
danger of drift when honey bees or other pollinating insects are visiting plants, 
or in ways that may contaminate water or leave illegal residues. 

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective 
clothing and equipment, if specified on the label. 

If your hands become contaminated with a pesticide, do not eat or drink 
until you have washed. In case a pesticide is swallowed or gets in the eyes, 
follow the first aid treatment given on the label, and get prompt medical 
attention. If a pesticide is spilled on your skin or clothing, remove clothing 
immediately and wash skin thoroughly. : 


NOTE: Some States have restrictions on the use of 
certain pesticides. Check your State and local regula- 
tions. Also, because registrations of pesticides are under 
constant review by the U.S Environmental Protection 
Agency, consult your local forest pathologist, county 
agriculture agent, or State extension specialist to be sure 
the intended use is still registered. 





the Utah aerial spray project. 


Parley's Canyon, Utah. 
Photo by John Barry 1991. 
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SUMMARY 


This technical memorandum summarizes the continuing role played by the USDA 
Forest Service Cramer-Barry-Grim (FSCBG) model in the development of GypsES (the 
gypsy moth decision support system developed by USDA Forest Service Forest Health in 
Morgantown, WV), SpraySafe Manager (the herbicide decision support system developed 
by USDA Forest Service Forest Health Technology Enterprise Team and New Zealand 
Forest Research Institute), and AgDRIFT (the aerial drift model developed by the Spray 
Drift Task Force, a consortium of 38 agricultural chemical companies selling products in 
the United States). 
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Continuum Dynamics, Inc. began working with the USDA Forest Service in the 
early 1980s, first on the development of the AGDISP (AGricultural DISPersal) model, 
with Robert B. Ekblad, MTDC, Missoula, MT, as the Contracting Officer’s Representative 
(COR), then beginning in 1989 on the continuing development of FSCBG (Forest Service 
Cramer-Barry-Grim), with John W. Barry as the COR. A recent report by Teske (1995) 
summarized the then-present status of these two models, and the anticipated areas of 
Ress of FSCBG (with AGDISP included as its near-wake model). These areas 
included: 


1. Maintaining FSCBG as a stand-alone model on a personal computer; 


2. Extending the applicability of the model into real-time simulation during aircraft 
spray missions; 


3. Assisting the U. S. Environmental Protection Agency (EPA) and the industry-based 
Spray Drift Task Force (SDTF) in the development of a regulatory near-wake drift 
model for agriculture (AgDRIFT); 


4. Assisting the Canadian Spray Drift Task Force in assessing FSCBG as their 
regulatory model; 


5. Porting FSCBG into the gypsy moth decision support system GypsES through its 
Spray Advisor; 


6. Porting FSCBG into the cooperative USDA Forest Service and New Zealand 
decision support system SpraySafe Manager; and : 


7. Continuing to foster partnerships in both the public and private sectors. 


These areas of extension are consistent with the approach of using computer models 
to predict the fate in soil and water of aerially released spray material (as briefly 
Summarized by Barry and Riley 1993), and find their basis in the development of the 
FSCBG model itself (Cramer et al. 1972; Dumbauld, Bjorklund and Saterlie 1980; Bilanin 
et al. 1989; Bjorklund, Bowman and Dodd 1988; Teske et al. 1993). It can reasonably be 
Stated that in the last two years, all of the above goals have been, or are being, achieved. 
What remains an open issue — and one to be addressed here — is the role of FSCBG in each 
of its derivative model applications, specifically decision support systems, and the model 
development synergism provided by the presence of FSCBG. It is perhaps best then to 
review the components of each of the models, their similarities, and more importantly their 
differences. 


AGDISP operates on a personal computer interface under the MS/DOS operating 
system. The program itself is written in Fortran, although the editing and plotting 
capability are written in Basic. AGDISP solves for the trajectory (and turbulence effects) 
of each stream from each spray nozzle, with a Lagrangian formulation that requires models 
for the aircraft wake effect and atmospheric crosswind. The stand-alone AGDISP model 
contains some graphical capability, although the technique needed to print the resulting 
plots is primitive by today’s standards. The mod 6 version of AGDISP was completed in 
1990; very few improvements have been made to it since then. This model has proven to 
be highly durable, being initially added to FSCBG (as its near-wake model), then 
providing the basis for AgDRIFT and SpraySafe Manager (as explained below). 


FSCBG also operates on a personal computer interface under the MS/DOS 
operating system. As with AGDISP, FSCBG is also written principally in Fortran, with a 
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graphical interface written in Basic. FSCBG contains AGDISP as its near-wake model, 
handing off to a Gaussian far-wake model (beyond the influence of the aircraft wake) to 
predict downwind dispersion, drift and deposition. Deposition may also be recovered from 
the near-wake model. FSCBG contains an evaporation model, a canopy penetration 
model, generalized receptor geometry, a library of drop size distributions, a library of 
aircraft, user-defined library databases, and various graphical options including total 
Ree ae and pesticide fate. The next release of FSCBG (version 5) is scheduled for 
is fall. 


GypsES, or more appropriately the Spray Advisor in GypsES (Teske and 
Curbishley 1994), is a straightforward extension of FSCBG. The scientific subroutines 
performing the calculations in GypsES are directly the code written in FSCBG, except for 
additional features and generalizations written only for GypsES. GypsES is written in C 
(by other programmers) for operation on a Unix-based operating system; consequently, the 
large difference with FSCBG in GypsES was the need to develop an appropriate user 
interface to the scientific subroutines. Additionally, a default spray scenario was decided 
upon by the GypsES Development Team, and this scenario enables the preselection of 
many of the more difficult entries into FSCBG. In effect, the version of FSCBG in 
GypsES is an educated improvement to the “Lite’”’ version of FSCBG, the lowest level of 
operation of the stand-alone model. A library of aircraft types and models, and a library of 
spray nozzle drop size distributions, are selected from the FSCBG model, but tailored 
specifically to aircraft spraying for the gypsy moth and to spray materials used against the 
gypsy moth. Essentially, the entire input to FSCBG has been reduced to a single main 
screen (Figure 1). The GypsES user selects the block to be sprayed; the block dimensions 
are passed to the Spray Advisor (FSCBG); the calculation is performed; and the deposition 
results are returned to GypsES. All graphics are handled in GypsES. Creating this 
framework constituted the bulk of the time spent to date in implementing FSCBG into 
GypsES. The advantage of using the FSCBG scientific subroutines as they are configured 
in FSCBG is that improvements to these subroutines (as envisioned under tasks current) 
can be transferred into GypsES with minimal changes. The only qualification is that the 
interface and its calls to the subroutines must be maintained and consistent. 


AgDRIFT (Teske et al. 1996) is essentially an extension of the near-wake model 
AGDISP, and was developed entirely by Continuum Dynamics, Inc. through contract with 
the SDTF. In this application the subroutines developed in AGDISP had to be configured 
to be called within the user interface decided upon by the SDTF. The interface is written in 
Visual Basic for the Windows environment; the scientific subroutines are still in Fortran, 
but calling procedures dictate changes in how these routines are accessed. The SDTF has 
made extensive modifications and alterations in how the AGDISP scientific code is used. 
Principally, AGDISP writes trajectory information into disk files; its companion plotting 
routine AGPLOT then interrogates these files to develop the desired visual information. In 
the interest of computer speed, AgDRIFT instead solves for the ground deposition pattern 
as the trajectory equations are solved; thus, no disk files need to be created. AgDRIFT 
contains its own aircraft library (patterned after the FSCBG library but containing aircraft 
specific to agricultural spraying) and an extensive proprietary drop size distribution 
database. The SDTF has invested in the development of a technique that predicts the drop 
size distribution (DROPKICK) and is currently validating that model with its drop size 
distribution database. AgDRIFT is an environmental and regulatory assessment tool 
developed in cooperation with the EPA. An example of the main AgDRIFT screen 1s 
shown in Figure 2 for its Tier III input. 


SpraySafe Manager (Teske 1996) was originally an idea suggested by Dr. Brian 


Richardson of the New Zealand Forest Research Institute (FRI) in discussions with New 
Zealand timber and agricultural chemical companies, to develop an environment tool for the 
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operational use of herbicides by aerial application. The interface is written in Delphi for 
Windows, a Pascal programming language available from Borland (its main screen is 
shown in Figure 3). The AGDISP scientific subroutines have been carried over into 
SpraySafe Manager with the same set of caveats as they were into AgDRIFT. The 
important additional features are the inclusion of dose-response information (currently 
being gathered by FRI), a cost analysis technique (based on CASPR), and application 
statistics quite different in approach and appearance from AgDRIFT. FRI intends to market 
SpraySafe Manager within and outside New Zealand. Through agreement between FRI 
and USDA Forest Service, the logic contained in SpraySafe Manager will be included in 
the stand-alone version of FSCBG. 


For the most part the three derivative programs share the same technical base: the 
AGDISP and FSCBG scientific subroutines. AgDRIFT and SpraySafe Manager are based 
on the AGDISP (Lagrangian) technology; GypsES Spray Advisor is based on the FSCBG 
(Gaussian) technology. The GypsES, AgDRIFT and SpraySafe Manager applications, 
however, access these subroutines in slightly different ways, and incorporate their own 
personalized graphics. 


These derivative applications are decidedly different principally in the user interface 
platform (as a quick check of the three figures will show), which requires careful 
programming to include the scientific subroutines (in the case of GypsES and SpraySafe 
Manager, we do not control the programming of the interface but instead write code to be 
compatible with it). Each of the applications also contains unique features not found in the 
other codes. All of these similarities and differences must be kept straight whenever 
improvements are made. Features developed for one of the applications are always 
considered for the other two, as a way of presenting the largest number of options to the 
user. Once an option is developed for one application, its development cost for the other 
two is minimal (its implementation cost into a different interface may not be, however). 


Currently, ADRIFT development is most innovative (and costly), as the model is 
being converted from its AGDISP history into an environmental and regulatory assessment 
tool, and an access point to the entire SDTF database. Most of the programming 
developments in the last year have little to do with modifying the original AGDISP code 
from which AgDRIFT is derived, and more to do with the user interface, model options, 
database structure and documentation. Not surprisingly, the library development tools 
(needed to access any database structure) in Visual Basic are different from those in Unix 
and Delphi. 


SpraySafe Manager development has been handled to date by one month on-site in 
New Zealand and the use of a dedicated programmer during that time period. As work 
gears up next spring to incorporate the dose-response database, and to expand the 
preliminary code written a year ago into a fully operational program, SpraySafe Manager 
(much as AgDRIFT) will move along its own dedicated development track. 
Implementation of its further features into FSCBG has not yet been suggested, as it is 
difficult to assess the time needed to modify undeveloped SpraySafe Manager routines to fit 
within FSCBG. 


The least-involved coding comes with the development of GypsES, as this code is 
primarily FSCBG with a user-friendly interface. However, several simplifying features in 
GypsES (for example, the selection of a flight direction, with the program generating all 
flight lines and placing them within the specified spray block) are unique to GypsES at 
present, but are anticipated in the version 5 release of FSCBG. 







































bye 02 nee AP sonata oe open eine uae 
Ae Ueki gi.) Shee ai EO CaS yi bal es Hy 
yo 9"q. Rete sass. val Sor sp a shest ny ies 
8 1. Ph ae Rep iokhw “aay toy ene hie’ 
7. Np a Sa rey Mee ae 


Lat Ler rae eo ee ran tnt wile t a 4 hile AP DA ADR 
what Giga de SA a fey Bet A Ha, Ze 
ies Pew ios. eg wih buf why sia hee oie +g 0H 


Mien tw piisen.! gathers af wane waplak Sat ee t 
YS OS", as erie a 


OF wei ehh: ‘ ? Gate Talat ere? ¢- Jp : 
inet avrg. gt ips a ih “Hie 
MP Pea ald pee? | +, ae eos a a, (PF 7 : ig UE’, 
eae >t pahh O94." tw. 2 Le So ee 
es BA 21 Serer | 4 iy ylree? fT 


ats 
sia ey a fe se UL re. ¢ » porte ceed 
Geinaa fares, Foi went 1 c Jn tat Dee as 
Sere? his Aiens) ko Les ee 1, 4 ote ay ele 


1 oF abba iatw esd 18 ged i putes 6 Gare eee 
Wi Se96) Par iia pes oA 4 : a we ) a ne 6 
ppt wig eo >] — «8 (ey Pn S455 stark aoe « ie 

mye Ff Lah AR fore on - 7 ie ij aa Hon VS 
ade? Ss. peri s Fics ud) fein i i oe) We (ee ae 

ee eee he * a aT OAS ate 
‘ftysh yr gti Re) ats | e ioe ? hike TI m2 ; ” r - — eu : 


ub hee ae ‘dial. Dia pGR ilo, a) a Petre, 4) 57° toa rikge noe. 


Tile ieaaae os me tener t ey) Set avy ire Mb gh re) ‘onl A AD Ce 1: 4 
ie his ig ee 2) POMS tetas ATS i ow inive wee ae 


Bays SRO i ROG bets ani) hg) own: Of OiG2 fons? 4) of 2. eee 
tarred. fst ace tl DAS Tw Go Stic ope reryn' Tay “igh hake 
Gawd rey pees ive? il a eerie iL ivy 4 tae org hg one 
nial? qr wt Oita fh Py oven paanate te al ab) uth nriestc. igeh qa eee 


aa 
7A) vee a | 

ae 0c =f whey 
oni et rata i? Oe ep Ky}! v4 
. eS wt by Verne Saye: 
yes of tim: (7 27m 
eae tt oa “so aa 
Ai bie bee wt ot 2 








i ote de: due qay of wake 
wef. or.? 







There has not been, and will not be, any duplication of effort in the development of 
the scientific subroutines for FSCBG and these three applications. In the one case where 
the same path was followed, the initial development of AgDRIFT was cost-shared with the 
U. S. Air-Force during the development of FJSIM, the fuel jettison simulation program 
(Teske 1996). Although tasks may be identified by relatively interchangeable names, the 
real work is involved in user interface compatibility, library structure, and the development 
of application-unique features. 


In summary, then, the AGDISP and FSCBG technologies, developed initially in 
the 1970's and early 1980's, are now being successfully ported into several new aerial 
application tools, including two developing decision support systems (GypsES and 
SpraySafe Manager). Each of these models has been developed within its own operating 
system or user interface programming language, yet by design the scientific subroutines are 
maintained as common as possible across the models. Communicating with each interface, 
and providing specific programming options, form the differences between GypsES Spray 
Advisor, AgDRIFT and SpraySafe Manager. 


Work of course continues on FSCBG. Its version 5.0 will be released late this fall 
to all interested users in the User Group (the total number of users is presently 178). This 
version will include: (1) a discrete canopy option; (2) a canopy library of Eastern 
hardwoods; (3) extensive additional graphics for enhanced presentation of deposition and 
total accountancy; (4) a dose-response database; (5) a decision support module; and (6) a 
near-wake sensitivity module. This version of FSCBG will provide greater graphics 
capability, and other additional features requested by the User Group. It will also include 
the Demo version of FSCBG (Curbishley 1995) with three default scenarios to review 
model operation, and a new and updated user manual. 


Any suggestions or questions on the development of the models described in this 
update report are welcomed. 



























+ ay res j a « 
rs reche ryh } a 
ha i” y : - +e f* Pa ay 
i ee 4 t [ i y eo le, ce 7 yrs ; 
barat gh } yioulgien 9 Pitty al ens 


ie 7 ee | MOA EY Ty FF, 4 2 { i ri seta IAD. ae : 
mans F ‘2 1e i nea, oP we F itt 8 ae aE ae 
‘ ii ‘4 a «| z prin: * ou pane 4 aie 
1; j ; j 7 ‘Ra Pap ape, Yeheasgidle * > 
ur i oH ae y ~ > vw "ea Saat a 

. Jiils af: i oh po y i) ir ola 
all =a re nn aed 
or aes 2 esl MDB ow an 
' ; fy Saal eer’ amit) “ens 4 5 a1 ny of a 

afer Ly ae Aine mp fh) es yh A) hn fle eta phe bos 
SF . ihe ee) vlogs > ye 

ia (he Orch: srtehhy eae wy Ces + Ob es om 
Shih ' ron ew. OM We soles Be Marines 424 ‘: 
5 Sts (9 eget al Nar asiitis * 
ma by stile (PORT yee Ce es oer 
Rune team Lalas ara ees Sa 


an ac Yo afew col tee enceRD as tats 
=) Seana “ae 








ra a: Oe ee eae 











EROS ONS : 
x es . 


ee 


FSCBG 


File Operations Enter Data 


e Oa Re ae a ea at 
oS 

e:Open ... 
: § OOM OSA I HONORE pee EOKLLODIOIOOOY 
giSave :Spray aise 


Re eae ee ee here eee bere EE DE Ee Deo head kh rae 
3 
:Canopy 
H 
ROPROY os ~ o J OO 


Spray System 

De aE a REE Ce Syne cee ee oe 
:Spray Material | 
Seen aia. sca oo mn in cea | 
?Meteorology | 


pitenered Ss 


(Dispersion Units 


@iSave As 2 2 e 


PREP PPD IE EPP P PELE ELL LALLA LALLA DA PEE AAD 
cee iahe oe te ee 
SAircraft 


Calculations 


?Check Inputs | 


(Print Inputs Only 


‘Run Callcs 





Figure 1. The main input screen to the GypsES Spray Advisor. 
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Figure 2. The main input screen to SpraySafe Manager. 
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